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ABSTRACT Wc recently have demonstrated that a C-ter- 
minal deletion mutant of the human progesterone receptor 
thPRB89U fails lo bind to progesterone hut can hind RL : 486 
(Mifepristone) and other progesterone antagonists. Most sig- 
nificantly, this mutant receptor activates transcription of a 
reporter gene containing the progesterone response element in 
the presence of these antagonists. Taking advantage or this 
finding and the modular nature of functional domains of steroid 
receptors, we constructed a chimeric regulator (pGL-VP) by- 
fusing the ligand-binding domain of human progesterone re- 
ceptor hPRB89l to the yeast transcriptional activator GAL4 
DNA-binding domain and the herpes simplex virus protein 
VP 16 activation domain. We demonstrated that this chimeric 
regulator activates target genes containing the GAL4-btnding 
sites in transient transfection assays in response to RU 4S6. In 
addition, this regulatory system has been validated by ex who 
transplantation of a stable cell line containing both the Regu- 
lator and a reporter gene into rats. The dosage of RU 486;' used 
is significantly lower than that required for antagonizing 
progesterone action. -The gene-switch system reported here 
represents a regulatory system, which could be applicable for 
gene-transfer studies involving animals, as well as humans, in 
which the delivered genefs) can be specifically turned on/off in 
response to an exogenous compound. 

The expression of most eukaryotic genes is intricately con- 
. trolled in response to metabolic, hormonal, or environmental 
stimuli. Presently, one of the major concerns facing clinical 
gene-therapy research is how to regulate the expression of 
transferred exogenous genes within the human body. Also, 
current protocols for introducing genes into animals are often 
unsatisfactory due to the constitutive expression of trans- 
ferred genes. Constitutive gene expression is not physiolog- 
ical and usually leads to down-regulation of effector systems 
and/or cellular toxicity. The problem of target-gene regula- 
tion could be solved by coiransfer of a distinct regulator gene 
that would, in turn, govern the expression of the target gene. 
The desired characteristics of this coupled regulatory system 
are severalfold. Ideally, it) the regulator should be activated 
only upon administration of an exogenous chemical (ligand) 
and terminated when the exogenous stimulus is removed: Hi) 
the ligand should be nontoxic and active upon oral adminis- 
tration; and Hit) the gene switch should not activate other 
endogenous cellular genes. 

To develop a gene sw itch/regulatory system with the 
above characteristics! we used a human progesterone recep- 
tor mutant with a 42-amino acid deletion in its C terminal, 
which has lost its ability to bind progesterone or other 
endogenous hormones 1 1>. This mutant thPRBSV I), however, 
still can bind the progesterone ant;iguni>i RU 486 ll) and 
paradoxically activate transcription from a reporter gene. 
Using this finding and the modular nature of functional 
domains ol* steroid receptors (3-5). wc constructed chimeric 
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regulators that can activate transcription of a target gene in 
response to RU 486. We present evidence that this activation 
happens at a concentration of RU 486 that is significantly 
lower than that required for its antiprogesterone or anttglu- 
cocorticoid activity. We also demonstrate that this gene- 
switch system works not only in an in vitro situation, but most 
importantly, it regulates gene expression in vivo in response 
to a low dose of RU 486. 

MATERIALS AND METHODS 

Plasmids. To construct the pGL chimera, the BamHl 
fracment containine the ligand-binding domain of hPRBS9i 
was isolated fronTplasmfd pT7bhPRB-S91 (1) and subse- 
quently digested with Dra I. The Dra 1-BflmHI fragment 
(residues 640- 891). was then inserted into a Pvtt II site of 
plasmid pABeat*. containing the yeast activator GAL4 D N A - 
bindine domain (residues 1-94) 16). To construct pGL-VP. a 
}60-bp Sal 1-BamHl fragment was isolated from plasmid 
pMSV VP16-A3'-b5SN (from A. Friedman and S. McKnight. 
Carnegie Institution of-Washington) and digested with Rsa I 
to generate a 230-bp fragment containing VP16 activation 
domain (residues 411-4S7*). This fragment was ligated with a 
BamHl linker (pdGCGATCCC) and subcloned into the Sat I 
and BamHl sites of pBS-KSt - J. The Sal I end of the resulting 
plasmid was then blunt-ended and ligated with a Bgtll linker 
tpdCAGATCTG). The Bgt ll-StfmHl fragment was then 
subcloned into the Bgl II site of plasmid pGL (upstream of the 
N terminus of the GAL4 DNA-binding domain) creating 
chimeric regulator pGL-VP. Reporter plasmid P 17x4-tk- 
CAT was orieinally named P 17x4-tk-CAT QH/N) (6) and 
consists of four copies of the GAL.4 consensus binding 
sequence iCGGAGTACTGTCCTCCC) linked to the thymi- 
dine kinase gene itk) promoter and the bacterial chloram- 
phenicol acctyitransferase (CAT) gene. Reporter plasmid 
pl7x4-TATA-CAT was constructed by replacing the Sal 
II fraemem of the tk promoter of pl7x4-tk-CAT (6) with 
a Sal [-BamHl fragment of pElbCAT (7) containing the 
adenovirus major late ElB TATA sequence. To construct 
pGL-VPtH) for establishment of stable cell lines, the chi- 
meric regulator GL-VP insert (digested with Kpn 1-BamHl 
from pGL-VP) was inserted into plasmid pCEP4 (Invitro- 
cen». resulting in plasmid pGL-VP(H) in which the expres- 
sion of GL-VP is driven by the cytomegalovirus promoter. In 
addition, this plasmid contains the hygromycin-rcststance 
cene enabling selection by hygromycin-B. To construct re- 
porter plasmid P l7x4.tk-TH(N). the Ev»R\-Xho I fracment 
containine the neomycin-resistance gene was isolated from 
Plasmid pPGKneobpA and was inserted into the Sac I sue ot 
plasmid pl7x4.tk-CAT. The CAT gene iXhu \-Sma I frag- 
ment) in plasmid pl7x4-tk-CAT( Nl was then replaced w.ih 
the rat tvrosine hydrolase (THl gene, a Xho I--*™ 1 
fnement 'isolated from prTH-122 ifronvK. O'Malley a>h- 



Ai-oroution* TH. lyMMne h> dro\> • CAT. chlurarr.;r.«r... 
lirjn\["crj%c. 

'Jo »hom rcrnni reyuotv >hould *c jCCrcxxCvJ 



:ol 



s ! st i 



ington Umvcrsitvl. creating reporter pktsmiJ pl7\4-(k- 
THcN». 

Transfcctinn. Transl'ection of CVl ;mJ FR cells, derived 
I'rom nil foul >kin cells (American Type Culture Colleeiion. 
CRL 1213), w;»s essentially a> described (8). Approximately 
I x 10* cells were seeded into ll)U-mm dishes 24 hr before 
transteciion. DNA was added to the cell along with 50 Mg of 
Polybrene using the calcium phosphate (Ca : PO.i) precipita- 
tion method. Hormones (in 3lV7 ethanol) were added after 
glycerol shock, and cells were harvested after 36-48 hr. and 
CAT activity was measured using 100 Mg of cell extracts. 

Generations of Stable Cell Lines and Immunonlot Away. 
Stable cell lines were established by cotransfecting regulator 
plasmid pGL-VP(H)and reponer plasmid 17x4-tk-TH(N) into 
FR cells. They are selected with C418 (100 Mg/ml) (C1BCQ/ 
BRL> and hygromycin-B (50 Mg/ml) (Boehringer Mannheim). 
Several stable cell lines were selected on the basis of immu- 
noblot analysis of RU 486-induced TH expression. Cell ex- 
tracts were prepared by adding 600 fi\ of Ivsis buffer [50 mM 
Hepes. pH 7.0/150 mM NaCl/OoSr Nonidet P-40 containing 
protease inhibitors aprotinin at 2 M&'ml. leupeptin at 2-MC/ml. 
and pepstatin A at 1 Mg/ml and": mM benzamicTine^Hci " 
(Sigma)] to the cell culture plates (60 mm). The plates were 
incubated on ice for 20 min. the cell lysates were harvested, 
and the supernatants were collected after spinninc at 10.000 
rpm in an Eppendorf centrifuge (5415) for 10 min. For immu- 
noblot analysis. 5 m! of extracts was separated on a SDS/I09r 
PAGE gel and transferred onto a nylon membrane (Micron 
Separations. 0.45 jimh The blot was probed with anti-TH 
monoclonal antibody (Boehringer Mannheim) at a concentra- 
tion of 0.4 M g/ml (Tris/borate/saline-Tween (0.19£) and \9c 
nonfat milk]. Enhanced chemiluminescence staining was then 
done according to the manufacturer's instructions (Amer- 
sham). 

£x Vivo Transplantation. About 1.8 x 10" stable FR cells 
r 1.21) (in 200 m! of Duibecco's modified Eagle's medium) 
*ere transplanted (day 1) into the rhomboid "and trapezius 
muscles (right side) of Sprague-Dawley rats (200 e. Harlan 
Laboratories. Haslect. MI). Twenty-four hours after trans- 
plantation. RU 486 (in a total volume of 150 pi in sesame oil) 
was given to the rats i.p. or.ee a dav at the indicated dosace 
^ Mg/kg. lanes 5-8 and 50 Mg/kg. lanes 9-12) for a 2-day 
period. Rats in a control group (lanes 1-4) were injected with 
oil only. On the fourth day. rats were sacrificed, and muscles 
of the injected site were excised (*= 20-50 m« of wet weieht) 
and homogenized at 10 mg (wet wt)/ml in lysis buffer, and 
supernatants were collected as described previously. In these 
transplantation experiments, each rat also received an i.p 
injection of cyclosporine A ( 10 mg/kg per day. from day 1 to 
3) to prevent possible immune rejection of the transplanted 
cells. Immunoblot analysis was done by using 5. M | of the 
prepared homogenates. 

RESULTS 

Functional Studies of the Gene-Regulatory System in Tran- 
sient Transfection Assays. To analyze the regulatory feature of 
the C-lerminal deletion mutant hPRB89i. we constructed a 
chimeric regulator (pGL) by fusing the ligand-binding domain 
ot hPRB89i (residues 640-891). as a ligand-dependent reg- 
ulatory domain, to the yeast transcriptional activator GAL4 
(residues 1-94) (Fig. I). This region of GAL4 contains a 
DNA-b.nding function (residues 1-65) (9). a dimerization 
(unction (residues 65-94) (10). and a nuclear localization 
signal (residues 1-29) (11,. By replacing the DNA-binding 
; ornain or the progesterone receptor with that of GAL4 we 

ninate the possibility of simultaneous activation of any 
..dogenous progestcrone-responsive genes. The reporter 
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Fic. 1. Diagram of chimeric regulators and reporter constructs 
used in the regulatory system. The chimera GL consists of the 
ligand-binding domain (LBD, of the human procesceronc receptor 
hPRB891 (residues M0-391). the DNA-binding" domain of yeast- 
aenvator GAL4. and the activation domain of herpes simple* virus 
VP16. TK. thymidine kinase. 

promoter (Fig. 1). The specific feature of this regulatory' 
system is that it should only activate the target ge~ne con- 
taining the GAL4-binding sites in the presence of RU 486. 
Because GAL4-activated genes are not known to exist in 
mammalian cells, this regulator should be specific for the 
target gene of interest. 

In the initial tests of the functional properties of this 
regulatory system, we cotransfected the regulator and re- 
poner plasmid into CV-1 cells. The chimeric" regulator pGL 
was'unable to activate the reponer gene in the^presence of 
RU 436 (Fie. 2A>. This finding suggests that this mutated 
progesterone receptor ligand-binding domain by itself has 
very low transaciivational capacity under our experimental 
conditions. To enhance the transactivational potential, we 
fused the G-terminal fragment of VP16 (residues 411-487) to 
the N terminus of GAL4 in the chimera GL. creating another 
chimeric regulator pGL-VP (Fig. 1). This viral G terminus is 
acidic in nature and contains a potent transactivation function 

(12) . which interacts directly with transcription factors TFIIB 

(13) . TATA-binding protein (TBP) ( 14). and TBP-associated 
factor TAFILo (15) within the transcriptional preinitiation 
complex. Gotransfection of the regulator. pGL-VP(0.2 Mg). 
with rhe reporter plasmid pl7x4-tk-CAT (5 Mg) into CV-1 
cells resulted in a 7- to 10-fold induction of CAT enzymatic 
activity in the presence of RU 486 (Fig. 2A). whereas the 
potent progesterone agonist RU 27987 had no efTect. As a 
control. GAL4-U-94) showed no activation of the reponer 
plasmid. whereas GAL4-.VP constitutiveiy activated GAT 
expression. These results demonstrate that the chimeric 
regulator pGL-VP could activate the expression of a target 
gene only in the presence of the antiprogestin RU 486. 

To assess the efTect of promoter on reponer gene expres- 
sion, we replaced the tk promoter with a minimal promoter 
containing only the TATA box sequence from the adenovirus 
£75 gene (7). After cotransfecting this reponer plasmid 
(pl7x4-TATA-GAT) (5 Mg> with pGL-VP (2 Mg). we noticed 
that the basal activity of this reponer was significantly lower 
than that of pl7.x4-tk-GAT (5 mc) (Fig. 2 Bi. When RU 486 was 
added, an » 50-fold induction of GAT activity was observed, 
in contrast to only 10- to 15-fold induction using pl7x4-tk- 
CAT. Ho^e^er. the level of maximal activity of pl7.\J-TATA- 
CAT wab lo^er. This result dcmon\irates that other sequences 
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Fic. 2. Inducible expression of target gene by RU 486 and effects 
of different promoter use on transcriptional activation. Ml CAT 
assays showing cotransfection of the reporter plasmid (pl7.\i-tk* 
CAT) (5 Mg) either alone (left lane! or with various GAL4 derivatives 
(0.2 M g> in CV-I cells. Cells were incubated with RU 486 UO" 7 Ml. 
RU 27V87 (10"" M). or solvent (30<7< ethanol) for 36 hr. as indicated. 
GAL4 consists of the DNA-binding domain (residues 1-94), whereas 
GAL4-VP16 is a chimeric protein consisting of GAL4 (residues 
1-147) with VP16 (residues 411-490) fused at the C terminus. (5) 
CAT activity represents an average value of two cotransfection 
experiments with 2 >ig of regulator and < mc of reporter plasmids. as 
indicated. 

in the tk promoter such as GC and CAAT box sequences were 
likely contributing to the overall transcriptional activicy ob- 
served. Our observation indicates that the reporter construct 
with the minimal TATA promoter could be used in situations 
where u low basal level of expression of the target gene is 
preferred, whereas the tk promoter construct could be used 
when higher overall activity is desired and a low basal activity 
can be tolerated. In addition, we showed that multiple copies 
of 17-mer are preferred to achieve maximal induction by this 
regulatory system (data not shown). 

Dosage-Response of the Gene-Switch System to Progester- 
one Antagonists. To further characterize the chimeric regu- 
lator pGL-Vp we established a stable trarrslected rat fibro- 
blast cell line that expresses TH in response to RU 4X6. We 
chose TH as a target gene because it is a stable and well- 
characterized rate-limiting enzyme in the synthesis of dopa- 
mine, known to he deficient in striatum tissue in the brains of 
patients suffering I'rom-Parkinson disease (1ft). A permanent 
cell line (T1.21) uas iclcctcd on the basis of its strong 
induction of TH by KU JKn. We measured TH expression in 
response to various progesterone agonists ;md antagonists 
using immunuMoi analysis i 1 T i . Fig }A shows that pGL-VP 
could activate TH expression in response to all progesterone 



Fio. 3. Characterization of the effect of progesterone antagonists 
and agonists on the chimeric* regulator in cell culture. [A) Chimeric 
regulator GL-Vp responds to various progesterone antagonists. The 
stable fibroblast cells (Tl.:i) containing regulator plasmid pGL- 
VPiH) and target plasmid l7x4-ik-THiN) were incubated with var- 
ious progesterone antagonists, as indicated, at 10 n.M for 24 hr. 
Levels of TH from cell extracts were analyzed by immunoblotting 
(17). \B) Activation of TH gene expression by regulator GL-Vp is 
ligand-specific. Cells were incubated with R 5020. RU 27987. RU 436 
at" 10 n.M. In control experiment. 30*7c ethanol (solvent used for 
steroids) was added to cells. Cell extracts were prepared and 
analyzed for TH by immunoblotting assays. 

antagonists tested (RU 436. ORG 31376. ORG 31806. ZK 
98.229. ZK 93.734. and ZK 112.993) at 10 nM concentration. 
The induction was -»10- to*20-fold. as judged by densitomet- 
ry scanning (data not shown). Most importantly, this 
pGL-VP regulatory function is specific for progesterone 
antagonists only, in that none of the progesterone agonists (R 
5020\ RU 27987, or progesterone) could induce TH gene 
expression (Fig. 35). 

It is well documented that for RU 436 to act as an 
antagonist of progesterone and glucocorticoid, its concentra- 
tion must reach the micromolar range (18. 19). This fact is 
illustrated by the clinical use of RU 436 as an abortion pill, in 
which high doses of RU 436 (600 mg. or -»10 mg/kg) are used 
in combination with prostaglandins. However, because RU 
436 is used as an agonist in this regulatory system, it appeared 
likely that expression of the target gene would occur at a 
concentration lower than that required for antagonistic ac- 
tivity. To investigate this, we incubated T1.21 cells with 
various concentrations of RU 486 and observed activation of 
TH expression at a concentration as low as 0.1 nM. The 
induction reached maximal levels at a concentration of & 1 
nM (Fie. 4.-U. This range of concentration for activation is 
1000-fold lower than that required for general endogenous 
antagonism and agrees with our earlier findings that RU 436 
binds to hPRBS9f with a Kj of *3 nM (1). 

Although endometrial changes have been shown to occur 
within 12 hr of RU 486 administration (20). how long it would 
take for RU 436. acting as an agonist, to exert its effect on 
ccne expression is unclear. For this purpose, we determined 
the time course for RU 436 induction of TH expression. We 
showed that TH expression was detected within 2 hr after RU 
43ft administration and reached maximum at -10 hr ( Fig. 45). 

Validation of the Regulatory System in Vivo. To verify the 
rcculatory system in viva, we transplanted the rat fibroblast 
stable cell line (Tl .21) into the rhomboid and trapezius muscles 
of Spra^ue-Dawlcy rats. Twenty-four hours after cell trans- 
plantation. RU 4S6 or control vehicle was given for 2 days at 
the indicated dose (Fig. -JO. Three days after implantation, 
muscle* containing the transplanted fibroblast cells v*crc e v 
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Fig. 4. Dose-response time course of RU -^mediated activa- 
tion of gene expression and characterization of the gene-switch 
svstem in vivo with transplanted ceHs. IA) Dose-response of RU 436 
activation on TH expression. Cells (T1.21) were incubated with 
different concentrations of RU 486. as indicated, before harvesting 
for immunoblot analysis. Approximately 4 x 10-* cells were seeded 
for each 60-mm culture dish: hormones were added the next day and 
incubated for anoiher-M hr. Solvent (809c ethanol) instead of RU 436 
was added to the plates in the control experiment (labeled as 0). (5) 
Time course of RU 436-mediated TH expression. Cells (T1.21) were 
seeded onto 60-mm dishes at 4 x 10 5 cells per plate and incubated 
with RU 486 (100 nM) for different periods, as indicated, and 
harvested at the same time. (C) Immunoblot analysis of rat muscle 
extracts transplanted with fibroblast ceils lTl.21). Lanes: l-i. 
controlled rats received only sesame oil: 5-12. rats were given RU 
486 injection at the indicated doses: C. extracts were prepared from 
nontransplanted muscle of a rat that had received RU 436. Arrow. 
TH levels. 

cised and analyzed for TH expression. Fig. 4C shows that RU 
486 induces expression of ihe TH gene at a dose of 5 Mg/kg. 
and the expression levels are similar to those in rats that 
received 50 Mg/kg. Similar results were obtained in identical 
repeat experiments when cells were transplanted into rats 
treated with or without cyclosporine and in transplants into 
nude mice (data not shown). Analyses of repeat experiments 
indicated a > 10-fold induction of TH by RU 486 at a dose of 
either 5 jxg/kg or 50 Mg/kg. The extracted TH was proven 
biologically active, and an 8-fold induction by RU 486 was 
measured by its enzymatic activity (data noT shown). From 
these transplantation experiments, wc conclude that our reg- 
ujatory system also works efficiently in vivo upon administra- 
tion of exogenous ligand at an optimal therapeutic dose. 

DISCUSSION 

Several regulatable systems have been reported over the past 
decade, including eene induction by steroidal hormones (21. 



22). iMipropyl Jj-D-ihiog'.il.ictoMdc tetracycline (as re- 

pressor) ( 24). or hcav > mciaU 1 2.M. ^ hile each system has iis 
own merits for application in mammalian cell cultures anj 
even transgenic animals, these chemicals tligands) cither 
have the potential to activate other endogenous genes (in the 
case of glucocorticoids and estrogens), are inefficient, or are 
loo toxic .tisopropyl 0-D-ihiocalncio>ide) (2M to he used in 
animal and human gene transfer. A cell-membrane regulator) 
system has been reported recently that uses a synthetic ligand 
(FK1012) made of a dimer of FK506. an immunosuppressive 
drug, to activate a cellular tyrosine kinase pathway (27). 
Although this approach has use for pathway regulation, the 
sysienTcannot be coupled with a specific target gene because 
the membrane receptor-activated kinase cascade would be 
expected to interfere with the expression of multiple endog- 
enous genes. We believe that the optimal route of target-gene 
manipulation is via transcriptional regulation because the rate 
of target-gene expression can be controlled directly. The 
reculatory system we have presented eliminates many of the 
shortcomings of the systems mentioned above. 

in our gene-switch regulatory system, we used a consensus 
GAL4 DNA-binding site t i7-mer) in the construction of the 
target reporter plasmid. Because GAL-t has not been found 
in mammalian cells and no mammalian target genes are 
known to be activated by GAL.J. it is unlikely that the 
chimeric regulator will inadvertently activate the expression 
of any endogenous gehe(s). 

As compared to i.v. injections, it has been shown that the 
bioavailability for oral administration of RU 4S6 is -409J- in 
rats and humans (28). The i.p. administration of 5 Mg/kg 
would therefore be equivalent to an estimated oral dose of 
**10 Mg/kg or 0.6 mg in humans, a doss equivalent to 
-Premarin. "an oral estrogen used currently for postmeno- 
pausal replacement in women. This mear.s that RU 486 car. 
activate cene expression in this regulatory system a: a 
significantly lower (at least 1000-fold) dosage than what is 
us"ed as a progesterone antagonist in inducing abortion (10 - 
me/kg). After'oral administration of 200 mg of RU 486. its 
serum concentration has been demonstrated to be «*l-5 
(29). Thu>. the dosage of RU 4$6 used in these transplantation 
experiments (5 Mg/kg) would translate to a serum concen- 
tration of ^1-6 nM ^extrapolation is linear), which is similar 
to the concentration required for activation in our cell culture 
studies (Fig. 4.-U. From these transplantation experiments, 
we conclude that our regulatory system also works efficiently 
in vivo upon administration of exogenous ligand at an optimal 
therapeutic dose. r ntl 

It has been reported that side effects from the use of RU 436 
generallv have been moderate (mainly fatigue or mild rash), 
even in lone-term administration of 200 mg/day orally (30). 
These side effects are mostly due to the antiglucocorticoid 
activitv at this high dosage (31). Because RU 486 is used as 
an agonist in this gene-switch system, we believe that there 
will be no significant antiglucocorticoid or other deleterious 
effects at .thfs low dosage in animals or in humans. 

This prototvpe gene->v.;tch system presented here and its 
subsequent modifications can have wide application to related 
research areas, such as experiments involving transgenic 
animals. Bv placinc a tissue-specific promoter with the regu- 
lator, it should be possible to regulate both tissue-specific and 
inducible e spression of a given target gene to study its function 
in vivo in transgenic animals. In addition, developmental 
studies in transcenic animals would be feasible because RU 
436 has been shown not to be an abortifacient in rats at doses 
<0.5 Mg'ke (32). Perhaps most importantly, its inducible 
characteHst'ics can be used to generate disease models lor 
induce therapeutic proteins! in mnscenie animals at adult 
periods of their life cycles. In this u ay. early developmental 
defects or even lethality could be prevented by using th^ 
inducible >>stcm becuu^ no c\rre^ion of the target gcr.e 
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vxouU occur until RU 4Sn is administered to the animals at 
specific developmental or adult stages. Finally, the ability of 
RU J^o to distribute widely in the brain 129) allows this switch 
Nysieru to be used in the central nervous system. 

In conclusion. our cene switch/regulatory system uses an 
existing drug that is orally effective and has an established 
safety record (33). thereby circumventing certain of ihe 
time-consuming and costly steps required to develop a new 
druu. This gene-switch system reported here represents a 
regulatory system that could be applicable for gene transfer 
to animais. as well as to humans, in which the delivered 
genets) can be specifically turned on/off in response to an 
exogenous compound.. Future modifications of this regula- 
tory system could, include manipulations of the promoter 
sequence of the reporter and the DNA-binding and transcrip- 
tional activation domains of the regulator to yield regulatory 
switches with lower basal levels and/or higher inducibility. 
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